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(54) OFDM COMMUNICATION UNIT AND OFDM COMMUNICATION 
METHOD 

% (57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
OFDM communication unit that can enhance a 
transmission efficiency while suppressing an 
error rate characteristic of an information signal. 
SOLUTION: Spread sections 103-1-103-n apply 
spread processing to information signals of a 
plurality of sequences from an S/P 102. An adder 
section 104 sums signals subjected to the spread 
processing from the spread sections 103-1-103-n 
to generate a DS-CDMA infomiation signal. An 
IFFT section 105 assigns the generated DS- 
CDMA information signal to a DS subcarrier to 
conduct frequency division multiplex processing. 
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CLAIMS 



[Claim(s)] 

[Claim l]An OFDM sending set comprising: 

A creating means which generates a diffusion signal by performing diffusion treatment to 
an information signal. 

A Frequency-Division-Multiplexing means to perform Frequency-Division-Multiplexing 
processing by assigning said diffusion signal to a direct-current subcarrier. 

[Claim 2] The OFDM sending set comprising according to claim 1: 

A conversion method from which a creating means changes an information signal into a 

signal of a plural series. 

A diffusion means which performs diffusion treatment using a spread code peculiar to a 
signal to a signal of said plural series, and an adding means which generates a diffusion 
signal by adding a signal of said plural series in which diffusion treatment was carried out 
by said diffusion means. 

[Claim 3]An OFDM receiving set comprising: 

A reception means which receives a signal transmitted by the OFDM sending set 
according to claim 1 or 2. 

The Fourier conversion process means which takes out a diffusion signal transmitted by 
direct-current subcarrier by performing the Fourier conversion process to a signal 
received by said reception means, and an extraction means to extract an information 
signal by performing back-diffiision-of-gas processing to a taken-out diffusion signal. 

[Claim 4]The OFDM receiving set comprising according to claim 3: 
A back-diffusion-of-gas means to extract an information signal of a plural series when an 
extraction means performs back-diffusion-of-gas processing using a spread code peculiar 
to a signal to a diffusion signal taken out by the Fourier conversion process means. 
A conversion method which changes an information signal of said plural series into an 
information signal of one series. 

[Claim 5] A communication terminal device comprising: 
The OFDM sending set according to claim 1 or 2. 
The OFDM receiving set according to claim 3 or 4. 

[Claim 6] A base station device comprising: 

The OFDM sending set according to claim 1 or 2. 

The OFDM receiving set according to claim 3 or 4. 

[Claim 7]An OFDM transmission method comprising: 

A generation process of generating a diffusion signal by performing diffusion treatment 
to an information signal. 

A Frequency-Division-Multiplexing process of performing Frequency-Division- 
Multiplexing processing by assigning said diffusion signal to a direct-current subcarrier. 
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[Claim 8]An OFDM receiving method comprising: 

A receiving process which receives a signal transmitted by the OFDM transmission 
method according to claim 7. 

The Fourier conversion process process of taking out a diffusion signal transmitted by 
direct-current subcarrier by performing the Fourier conversion process to a signal 
received in said receiving process, and an extraction process of extracting an information 
signal by performing back-diffusion-of-gas processing to a taken-out diffusion signal. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the communication apparatus of an 
OFDM (Orthogonal Frequency Division Multiplexing) method especially about the 
communication apparatus used for a digital mobile communications system. 
[0002] 

[Description of the Prior Art]These days, the communication apparatus (following 
"OFDM communication device") of the OFDM system is examined briskly. Hereafter, 
the conventional OFDM communication device is explained with reference to drawing 3 . 
Drawing 3 is a block diagram showing the composition of the conventional OFDM 
communication device. Here, the total of the subcarrier (subcarrier) to be used is set to k 
as an example. 

[0003]With reference to drawing 3 . the information signal of one series (serial) is 
changed into the information signal of the plural series (parallel) of only the total 

subcarrier by the S/P converter 1 in a transmission system. That is, the information signal 
of one series is changed into k signals of the information signal 1 - the information signal 
k by the S/P converter 1 . The information signal changed into the plural series is sent to 
the IFFT (Inverse Fast Fourier Transform) section 2. 

[0004]In IFFT part 2, Frequency-Division-Multiplexing processing is performed by 
making IFFT (inverse Fourier transform) processing to the information signal of a plural 
series. Specifically by IFFT part 2, the subcarrier for which only the number 
corresponding to the total number of subcarriers was prepared is assigned to the 
information signal into which it was changed by the plural series (if it puts in another 
way). The information signal changed into the plural series is arranged to the subcarrier 
for which only the number corresponding to the total number of subcarriers was prepared, 
and Frequency-Division-Multiplexing processing is performed. How to assign a 
subcarrier is as being shown in drawing 4 . Drawing 4 is a mimetic diagram showing the 
situation of arrangement of the subcarrier in the conventional OFDM communication 
device. 

[0005]As shown in drawing 4 , k subcarriers are arranged on the frequency axis and the 
information signal k is assigned to subcarrier k/2 to information signal k/2+l, and 
subcarrier k/2 at the information signal 1 and the subcarrier 1 at information signal k/2, 
and the subcarrier 1, respectively. 

[0006]With reference to drawing 3 , the signal with which the Frequency-Division- 
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Multiplexing processing in IFFT part 2 was overlapped on the subcarrier to the 
information signal 1 - the information signal k is acquired again. A sending signal is 
generated by making predetermined transmitting processing to the signal acquired by 
Frequency-Division-Multiplexing processing. This sending signal is transmitted to a 
communications partner via the antenna 3. 

[0007]On the other hand, in a receiving system, the signal transmitted by the 
communications partner is received by this communication apparatus via the antenna 3. 
The above-mentioned communications partner is provided with the same composition as 

what is shown in drawing 3 . 

The sending signal acquired by performing processing in the transmission system 
mentioned above is transmitted. 

[0008]The input signal from the antenna 3 is sent to the FFT (Fast Fourier Transform) 
section 4, after predetermined reception is made. In FFT section 4, the information signal 
(namely, k information signals) transmitted by each subcarrier is taken out by performing 
FFT (Fourier transform) processing to the input signal with which the above-mentioned 
predetermined reception was made. 

[0009]The information signal transmitted by each subcarrier is sent to either of the 
transmission-line compensation parts (namely, the transmission-line compensation part 5- 
1 - 5-k) in which only the number corresponding to the total number of subcarriers was 
formed. 

[0010]In the transmission-line compensation part 5-1 - 5-k, transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in the transmission line) is made to the information signal transmitted by 
each subcarrier. k information signals carried out after transmission-line compensation 
processing are changed into the information signal of one series (serial) by the P/S 
converter 6. 

[00 1 1 ]Transmission of an information signal is performed by making the above 
processings. Here, generally in IFFT part 2 in a transinission system, the subcarrier is not 
arranged to DC for the following reasons. That is, the subcarrier (henceforth "DC 
subcarrier (or direct-current subcarrier)") arranged at DC is overlapped on direct-current 
(DC) offset in the analog circuitry used for a transmission system and a receiving system. 
For this reason, the error characteristic of the information signal (namely, information 
signal transmitted by DC subcarrier) arranged at DC subcarrier deteriorates under the 
influence of direct current offset. For such a reason, as shown in drawing 4 , the subcarrier 
is not arranged to DC. 
[0012] 

[Problem(s) to be Solved by the Invention] However, there is a problem as shown below 
in the above-mentioned conventional OFDM communication device. Namely, although 
degradation of the error rate characteristics of an information signal can be prevented by 
making it not arrange a subcanier to DC in the above-mentioned conventional OFDM 
communication device compared with the case where the subcarrier has been arranged, to 
DC, Transmission efficiency falls [ the part which does not arrange a subcarrier to DC ] 
compared with the case where the subcarrier has been arranged to DC. 
[0013]This invention is made in view of this point, and is a thing. 
The purpose is providing the OFDM communication device which raises transmission 
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efficiency, suppressing error rate characteristics. 
[0014] 

[Means for Solving the Problem] An OFDM sending set of this invention takes 
composition possessing a creating means which generates a diffusion signal, and a 
Frequency-Division-Multiplexing means to perform Frequency-Division-Multiplexing 
processing by assigning said diffusion signal to a direct-current subcarrier, by performing 
diffusion treatment to an information signal. 

[00 15] A conversion method from which, as for an OFDM sending set of this invention, a 
creating means changes an information signal into a signal of a plural series in the above- 
mentioned composition, Composition possessing a diffusion means which performs 
diffusion treatment using a spread code peculiar to a signal to a signal of said plural 
series, and an adding means which generates a diffusion signal by adding a signal of said 
plural series in which diffusion treatment was carried out by said diffusion means is 
taken. 

[0016]In a receiving side device by aixanging and transmitting an information signal 
which performed diffusion treatment of a direct spread system to a direct-current 
subcarrier in a transmitting side device according to these composition. Since an 
information signal which reduced direct current offset by performing back-diffusion-of- 
gas processing to a signal transmitted by direct-current subcarrier can be taken out, it 
becomes possible to raise transmission efficiency, suppressing the error rate 
characteristics of an information signal. 

[00 17] An OFDM receiving set of this invention by performing the Fourier conversion 
process to a signal received by reception means which receives a signal transmitted by an 
OFDM sending set of one of the above, and said reception means. Composition 
possessing the Fourier conversion process means which takes out a diffusion signal 
transmitted by direct-current subcarrier, and an extraction means to extract an 
information signal by performing back-diffiision-of-gas processing to a taken-out 
diffusion signal is taken. 

[0018]In the above-mentioned composition, an extraction means an OFDM receiving set 
of this invention by performing back-diffiision-of-gas processing using a spread code 
peculiar to a signal to a diffusion signal taken out by the Fourier conversion process 
means. Composition possessing a back-diffusion-of-gas means to extract an information 
signal of a plural series, and a conversion method which changes an information signal of 
said plural series into an information signal of one series is taken. 
[00 19] When an information signal which peifomied diffusion treatment of a direct 
spread system performs the Fourier conversion process to a signal which has been 
arranged and was transmitted to a direct-current subcarrier according to these 
composition, Since a diffusion signal transmitted by direct-current subcarrier can be 
taken out and an information signal which reduced direct current offset by performing 
back-diffusion-of-gas processing to a taken-out diffusion signal further can be taken out. 
It becomes possible to raise transmission efficiency, suppressing the error rate 
characteristics of an information signal. 

[0020]A communication terminal device of this invention takes composition possessing 
an OFDM sending set of one of the above, and an OFDM receiving set of one of the 
above. 
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[0021]Since transmission efficiency can be raised according to tliis composition, 
suppressing the error rate characteristics of an information signal, a communication 
terminal device which performs good communication can be provided. 
[0022]A base station device of this invention takes composition possessing an OFDM 
sending set of one of the above, and an OFDM receiving set of one of the above. 
[0023]Since transmission efficiency can be raised according to this composition, 
suppressing the error rate characteristics of an information signal, a base station device 
which performs good communication can be provided. 

[0024]An OFDM transmission method of this invention possessed a generation process 
of generating a diffusion signal, and a Frequency-Division-Multiplexing process of 
performing Frequency-Division-Multiplexing processing by assigning said diffusion 
signal to a direct-current subcarrier, by performing diffusion treatment to an information 
signal. 

[0025]In a receiver by arranging and transmitting an information signal which performed 
diffusion treatment of a direct spread system to a direct-cun-ent subcarrier in the 
transmitting side according to this method. Since an information signal which reduced 
direct cuixent offset by performing back-diffusion-of-gas processing to a signal 
transmitted by direct-cuixent subcarrier can be taken out, it becomes possible to raise 
transmission efficiency, suppressing the error rate characteristics of an information 
signal. 

[0026] An OFDM receiving method of this invention by performing the Fourier 
conversion process to a receiving process which receives a signal transmitted by the 
above-mentioned OFDM transmission method, and a signal received in said receiving 
process. The Fourier conversion process process of taking out a diffusion signal 
transmitted by direct-current subcarrier, and an extraction process of extracting an 
information signal by performing back-diffiision-of-gas processing to a taken-out 
diffusion signal were provided. 

[0027]When an information signal which performed diffusion treatment of a direct 
spread system performs the Fourier conversion process to a signal which has been 
arranged and was transmitted to a direct-current subcarrier according to this method, 
Since a diffusion signal transmitted by direct-current subcarrier can be taken out and an 
information signal which reduced direct current offset by performing back-diffusion-of- 
gas processing to a taken-out diffusion signal further can be taken out. It becomes 
possible to raise transmission efficiency, suppressing the error rate characteristics of an 
information signal. 
[0028] 

[Embodiment of the Invention] First, this invention person noted performing diffusion 
treatment of a direct spread system to the information signal arranged to DC subcarrier. 
When this invention person has arranged the information signal to DC subcarrier, the 
error rate characteristics of the information signal transmitted by this DC subcarrier 
deteriorate, but. When the information signal (henceforth "a DS-CDMA information 
signal") which performed diffusion treatment of the direct spread system has been 
arranged to DC subcarrier. The DS-CDMA information signal transmitted by this DC 
subcarrier finds out that direct current offset is reduced by the back-diffusion-of-gas 
processing at the time of reception, and error rate characteristics will become good, and 
came to carry out this invention. 
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[0029]The main point of this invention is having been made to perform diffusion 
treatment of the direct spread system to the information signal arranged to DC subcarrier 
(direct-current subcarrier). If it puts in another way, the main point of this invention will 
be having arranged the information signal which performed diffusion treatment of the 
direct spread system to DC subcarrier. 

[0030]Hereafter, an embodiment of the invention is described in detail with reference to 

drawings. 

[0031] (Embodiment 1) First, direct current offset is reduced by the back-diffusion-of-gas 
processing at the time of reception, and the DS-CDMA information signal transmitted by 
DC subcarrier explains the point that error rate characteristics become good. 
[0032]The case where DC offset exists is considered in a CDMA system. The DC offset 
after back-diffusion-of-gas processing is expressed by the formula shown below. 
[Equation 1] 

|){DCxREFCnT)/N } (n=1.2, ■■■) — (D 

However, DC is DC offset, REF (nT) is a spread code in the time nT, N is a diffusion 
ratio, and T is a sample cycle. 

[0033]Here, generally, in the cycle (NT) of a spread code, since it can consider that DC 
offset is constant, upper type ** is expressed by the following formula. 
[Equation 2] 

DC J{REF(nT)/N)= DC{( + 1 (D^^») - (- 1 ®^^a)}/N — ® 

[0034]In the case of (signature of 1 [ -i-]) -(signature of 1 [ -]) =1, in upper type **, DC 
offset is decreased by back-diffusion-of-gas processing at l/diffusion ratio. As for DC 
offset, (the signature of 1 [ -i-]) and (the signature of -1) are thoroughly removed by back- 
diffusion-of-gas processing, when the same. 

[0035]As mentioned above, in a CDMA system, since direct current offset is thoroughly 
removed by back-diffusion-of-gas processing, the error rate characteristics of a DS- 
CDMA information signal transmitted by DC subcarrier will become good. 
[0036]Subsequently, an OFDM communication device concerning the embodiment of the 

invention 1 is explained with reference to drawing 1 . Drawing 1 is a block diagram 
showing composition of an OFDM communication device concerning the embodiment of 
the invention 1. Here, a total of a subcarrier to be used is set to k (except for DS 
subcarrier) as an example. 

[0037]With reference to dravving 1 , the S/P converter 101 changes into an information 
signal of a plxiral series an information signal of one series which should be arranged to 
subcarriers other than DC subcarrier in a transmission system. The S/P converter 102 
changes into an information signal of a plural series an information signal of one series 
which should be arranged to DC subcarrier. 

[0038]The diffused part 103-1 - 103-n perform diffusion treatment to an information 
signal of a plural series. The adder unit 104 generates a DS-CDMA information signal by 
adding an information signal in which diffusion treatment was carried out by the diffused 
part 103-1 - 103-n. IFFT part 105 performs Frequency-Division-Multiplexing processing 
by performing IFFT processing to an information signal of a plural series from the S/P 
converter 101, and a DS-CDMA information signal from the adder unit 104. The antenna 
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106 receives a signal from a communications partner while transmitting a sending signal 
to a communications partner. 

[0039]On the other hand, in a receiving system, FFT section 107 performs FFT 
processing to an input signal with which predetermined reception was made. The 
transmission-line compensation part 108-1 - 108-k perform transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in a transmission line) to an information signal transmitted by each 
subcarrier. The P/S converter 109 changes an information signal after the transmission- 
line compensation part 108-1 - transmission-line compensation processing from 108-k 
into an information signal of one series. 

[0040]The transmission-line compensation part 110 performs transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in a transmission line) to a DS-CDMA information signal transmitted by 

DC subcarrier. The back-diffusion-of-gas part 111-1 - 111-n perform back-diffusion-of- 
gas processing using a spread code which is mutually different to a DS-CDMA 
information signal after transmission-line compensation processing. The P/S converter 
112 changes an information signal of a plural series from the back-diffusion-of-gas part 
1 1 1-1 - 1 1 1-n into an information signal of one series. 

[0041]Subsequently, in addition to drawing 1 , operation of an OFDM communication 
device of the above-mentioned composition is explained with reference to drawing 2 . 
Drawing 2 is a mimetic diagram showing a situation of arrangement of a subcarrier in an 
OFDM communication device concerning the embodiment of the invention 1. 
[0042] With reference to drawing 1 . an information signal is sent to either the S/P 
converter 101 or the S/P converter 102 in a transmission system. An information signal 
sent to the S/P converter 101 is arranged at subcarriers other than DC subcarrier, and an 
information signal sent to the S/P converter 102 is arranged at DC subcarrier. 
[0043]An information signal (information signal of one series) arranged at subcarriers 
other than DC subcarrier is changed into an information signal of a plural series of only 
the total subcarrier (except for DC subcarrier) by the S/P converter 101. That is, an 
information signal of one series is changed into k signals of the information signal 1 - the 
information signal k by the S/P converter 101. An information signal changed into a 
plural series is sent to IFFT part 105. 

[0044]An information signal (information signal of one series) arranged at DC subcarrier 
is changed into an information signal of a plural series only for a predetermined signal 
multiplexed number (here, referred to as n as an example) by the S/P converter 102. That 
is, an information signal of one series is changed into n signals of the infoimation signal 
1 - the information signal n by the S/P converter 102. The above-mentioned signal 
multiplexed number can be set up arbitrarily. 

[0045]The information signal 1 - the information signal n are sent to the adder unit 104, 

after diffusion treatment which used a spread code peculiar to a signal is performed by 
the diffused part 103-1 - diffused part 103-n. respectively. In the adder unit 104, a DS- 
CDMA information signal is generated by adding the information signal 1 - the 
information signal n after diffusion treatment. This DS-CDMA information signal is sent 
to IFFT part 105. 

[0046]In IFFT part 105, Frequency-Division-Multiplexing processing is performed by 
making IFFT processing to an information signal of a plural series from the S/P converter 
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101, and a DS-CDMA information signal from the adder unit 104. By IFFT part 105, an 
information signal (namely, the information signal 1 - an information signal) changed 
into a plural series specifically. It arranges to a subcarrier for which only a number 
corresponding to the total number of subcarriers was prepared, a DS-CDMA information 
signal is arranged to DC subcarrier, and Frequency-Division-Multiplexing processing is 
performed. An example of a situation of assignment of a subcarrier is shown in drawing 
2. 

[0047]As shown in drawing 2 , k subcarriers and one DC subcarrier are arranged on a 
frequency axis, A DS-CDMA information signal is assigned [ at information signal k/2, 
and the subcarrier 1 ] to subcaixier k/2 to infoiTnation signal k/2+1, and subcarrier k/2 in 
the information signal k and DC subcarrier at the information signal 1 and the subcarrier 
1, respectively. 

[0048]With reference to drawing 1 , a signal with which Frequency-Division- 
Multiplexing processing in IFFT part 105 was overlapped on a subcarrier to the 
information signal 1 - the inforaiation signal k, and was overlapped on DC subcarrier to a 
DS-CDMA information signal is acquired again. A sending signal is generated by 
making predeteraiined transmitting processing to a signal acquired by Frequency- 
Division-Multiplexing processing. This sending signal is transmitted to a 
communications partner via the antenna 106. Parallel-serial-conversion processing, D/A 
conversion processing, frequency conversion processing, a band limiting process, etc. are 
included in the above-mentioned predetermined transmitting processing. 
[0049]On the other hand, in a receiving system, a signal transmitted by communications 
pai tnei- is received by this communication apparatus via the antenna 106. The above- 
mentioned communications partner is provided with the same composition as what is 
shown in drawing 1 . and transmits a sending signal acquired by performing processing in 
a transmission system mentioned above. 

[0050]An input signal from the antenna 106 is sent to FFT section 107, after 
predetermined reception is made. A band limiting process, frequency conversion 
processing, A/D conversion processing, in-series parallel-conversion processing, etc. are 
included in the above-mentioned predetermined reception. 

[0051]By performing FFT processing in FFT section 107 to an input signal with which 
the above-mentioned predetermined reception was made. An information signal (the 
information signal 1 - the information signal k) transmitted by subcarrier (except for DC 
subcarrier) and a DS-CDMA information signal transmitted by DC subcarrier are taken 
out. 

[0052]The information signal 1 - the information signal k which were transmitted by 
subcarrier (except for DC subcarrier) are sent to the transmission-line compensation part 
108-1 - 108-k, respectively. A DS-CDMA information signal transmitted by DC 
subcarrier is sent to the transmission-line compensation part 110. 

[0053]In the transmission-line compensation part 108-1 - 108-k, transmission-line 
compensation processing is made to the infonnation signal 1 - the information signal k 
which were transmitted by subcarrier, respectively, k information signals with which 
transmission-line compensation processing was made are changed into an information 
signal of one series by the P/S converter 109. 

[0054]In the transmission-line compensation part 110, transmission-line compensation 
processing is made to a DS-CDMA information signal transmitted by DC subcarrier. A 
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DS-CDMA information signal after transmission-line compensation processing is sent to 
the back-diffusion-of-gas part 111-1 - 1 1 1-n. 

[0055]ln the back-diffusion-of-gas part 111-1 - 11 1-n, the information signal 1 - the 
information signal n are acquired by performing back-diffusion-of-gas processing using a 
spread code which is mutually different to a DS-CDMA information signal after 
transmission-line compensation processing. The information signal 1 - the information 
signal n which were acquired are changed into an information signal of one series by the 
P/S converter 112. 

[0056]Transmission of an information signal is performed by making the above 
processings. In IFFT part 105 in a transmission system, a DS-CDMA information signal 
is arranged to DC subcarrier as above-mentioned. A DS-CDMA information signal 
transmitted by this DC subcarrier, Although influenced by direct current offset in analog 
circuitry used for a receiving system and a transmission system, direct current offset is 
reduced by the back-diffusion-of-gas processing by the back-diffusion-of-gas part 111-1 
in a transmission system - 1 1 1-n, and let error rate characteristics be a good thing. That 
is, even if it aixanges a subcanier to DC, the error rate characteristics of an information 
signal can be kept good. Since an inforaiation signal is arranged to DC subcarrier, overall 
transmission efficiency can also be raised. 

[0057]Thus, in [ according to the OFDM communication device concerning this 
embodiment ] a transmitting side device. In a receiving side device by arranging and 
transmitting an information signal which performed diffusion treatment of a direct spread 
system to DC subcarrier. Since an information signal which reduced direct current offset 
by performing back-diffusion-of-gas processing to a signal transmitted by DC subcarrier 
can be taken out, it becomes possible to raise transmission efficiency, suppressing the 
error rate characteristics of an information signal. 

[0058]Although this embodiment explained taking the case of a case where a signal 
multiplexed number is made into plurality, this invention is not limited to this, but also 
when a signal multiplexed number is set to 1, it can be applied. In this case, since one 
diffused part in drawing 1 is used, it is good also as composition which excluded the S/P 
converter 102 and the adder unit 104. 

[0059]Although this embodiment explained a case where communication of an OFDM 
system was used, it cannot be overemphasized that it can apply also when this invention 
is not limited to this but communication of an OFDM-CDMA (Code Division Multiple 
Access) method is used. Specifically, the following processings may be performed to an 
information signal arranged to a subcarrier (except for DC subcarrier) with reference to 
drawing 1 . That is, the above-mentioned information signal is changed into a signal of a 
plural series of only any number, and it may be made to send a signal which performed 
and added diffusion treatment peculiar to a signal to each signal to the S/P converter 101. 
Thereby, the error rate characteristics of an information signal transmitted by each 
subcarrier can be kept good. 

[0060]An OFDM communication device explained by the above-mentioned embodiment 
can be carried in a communication terminal device and a base station device in a digital 
mobile communications system. 
[0061] 

[Effect of the Invention] As explained above, according to this invention, since the 
information signal which performed diffusion treatment of the direct spread system is 
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arranged to DC subcarrier, the OFDM communication device which raises transmission 
efficiency can be provided, suppressing the error rate characteristics of an information 

signal. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the communication apparatus of an 
OFDM (Orthogonal Frequency Division Multiplexing) method especially about the 
communication apparatus used for a digital mobile communications system. 



PRIOR ART 



[Description of the Prior Art]These days, the communication apparatus (following 
"OFDM communication device") of the OFDM system is examined briskly. Hereafter, 
the conventional OFDM communication device is explained with reference to drawing 3 . 
Drawing 3 is a block diagram showing the composition of the conventional OFDM 
communication device. Here, the total of the subcarrier (subcarrier) to be used is set to k 
as an example. 

[0003]With reference to drawing 3, the information signal of one series (serial) is 
changed into the information signal of the plural series (parallel) of only the total 
subcarrier by the S/P converter 1 in a transmission system. That is, the information signal 
of one series is changed into k signals of the information signal 1 - the information signal 
k by the S/P converter 1. The information signal changed into the plural series is sent to 
the IFFT (Inverse Fast Fourier Transform) section 2. 

[0004]In IFFT part 2, Frequency-Division-Multiplexing processing is performed by 
making IFFT (inverse Fourier transform) processing to the information signal of a plural 
series. Specifically by IFFT part 2, the subcarrier for which only the number 
corresponding to the total number of subcarriers was prepared is assigned to the 
information signal into which it was changed by the plural series (if it puts in another 
way). The information signal changed into the plural series is arranged to the subcarrier 
for which only the number corresponding to the total number of subcarriers was prepared, 
and Frequency-Division-Multiplexing processing is performed. How to assign a 
subcarrier is as being shown in drawing 4 . Drawing 4 is a mimetic diagram showing the 
situation of arrangement of the subcarrier in the conventional OFDM communication 
device. 

[0005] As shown in drawing 4 , k subcarriers are arranged on the frequency axis and the 
information signal k is assigned to subcarrier k/2 to information signal k/2+l, and 
subcarrier k/2 at the information signal 1 and the subcarrier 1 at information signal k/2, 
and the subcarrier 1, respectively. 

[0006]With reference to drawing 3 , the signal with which the Frequency-Division- 
Multiplexing processing in IFFT part 2 was overlapped on the subcarrier to the 
information signal 1 - the information signal k is acquired again. A sending signal is 
generated by making predetermined transmitting processing to the signal acquired by 
Frequency-Division-Multiplexing processing. This sending signal is transmitted to a 
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communications partner via the antenna 3. 

[0007]On the other hand, in a receiving system, the signal transmitted by the 
communications partner is received by this communication apparatus via the antenna 3. 
The above-mentioned communications partner is provided with the same composition as 
what is shown in drawing 3 . 

The sending signal acquired by performing processing in the transmission system 
mentioned above is transmitted. 

[0008]The input signal from the antenna 3 is sent to the FFT (Fast Fourier Transform) 
section 4, after predetermined reception is made. In FFT section 4, the information signal 
(namely, k information signals) transmitted by each subcarrier is taken out by performing 
FFT (Fourier transform) processing to the input signal with which the above-mentioned 
predetermined reception was made. 

[0009]The information signal transmitted by each subcarrier is sent to either of the 
transmission-line compensation parts (namely, the transmission-line compensation part 5- 
1 - 5-k) in which only the number corresponding to the total number of subcarriers was 
formed. 

[0010]In the transmission-line compensation part 5-1 - 5-k, transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in the transmission line) is made to the information signal transmitted by 
each subcarrier. k information signals carried out after transmission-line compensation 
processing are changed into the information signal of one series (serial) by the P/S 
converter 6. 

[001 l]Transmission of an information signal is performed by making the above 
processings. Here, generally in IFFT part 2 in a transmission system, the subcarrier is not 
arranged to DC for the following reasons. That is, the subcarrier (henceforth "DC 
subcarrier (or direct-current subcarrier)") arranged at DC is overlapped on direct-current 
(DC) offset in the analog circuitry used for a transmission system and a receiving system. 
For this reason, the error characteristic of the information signal (namely, information 
signal transmitted by DC subcarrier) arranged at DC subcarrier deteriorates under the 
influence of direct current offset. For such a reason, as shown in drawing 4 . the subcarrier 
is not arranged to DC. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, in this invention, the information signal 
which performed diffusion treatment of the direct spread system is arranged to DC 
subcarrier. 

Therefore, the OFDM communication device which raises transmission efficiency can be 
provided, suppressing the error rate characteristics of an information signal. 



TECHNICAL PROBLEM 
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[Problem(s) to be Solved by the Invention] However, there is a problem as shown below 
in the above-mentioned conventional OFDM communication device. Namely, although 
degradation of the error rate characteristics of an information signal can be prevented by 
making it not arrange a subcarrier to DC in the above-mentioned conventional OFDM 
communication device compared with the case where the subcarrier has been arranged, to 
DC, Transmission efficiency falls [ the part which does not arrange a subcarrier to DC ] 
compared with the case where the subcarrier has been arranged to DC. 
[0013]This invention is made in view of this point, and is a thing. 
The purpose is providing the OFDM communication device which raises transmission 
efficiency, suppressing error rate characteristics. 



MEANS 



[Means for Solving the Problem]An OFDM sending set of this invention takes 
composition possessing a creating means which generates a diffusion signal, and a 
Frequency-Division-Multiplexing means to perform Frequency-Division-Multiplexing 
processing by assigning said diffusion signal to a direct-current subcarrier, by performing 
diffusion treatment to an information signal. 

[00 15] A conversion method from which, as for an OFDM sending set of this invention, a 
creating means changes an information signal into a signal of a plural series in the above- 
mentioned composition, Composition possessing a diffusion means which performs 
diffusion treatment using a spread code peculiar to a signal to a signal of said plural 
series, and an adding means which generates a diffusion signal by adding a signal of said 
plural series in which diffusion treatment was carried out by said diffusion means is 
taken. 

[0016]In a receiving side device by arranging and transmitting an information signal 
which performed diffusion treatment of a direct spread system to a direct-current 
subcarrier in a transmitting side device according to these composition, Since an 
information signal which reduced direct current offset by performing back-diffusion-of- 
gas processing to a signal transmitted by direct-current subcarrier can be taken out, it 
becomes possible to raise transmission efficiency, suppressing the error rate 
characteristics of an information signal. 

[GO 17] An OFDM receiving set of this invention by performing the Fourier conversion 
process to a signal received by reception means which receives a signal transmitted by an 
OFDM sending set of one of the above, and said reception means. Composition 
possessing the Fourier conversion process means which takes out a diffusion signal 
transmitted by direct-current subcarrier, and an extraction means to extract an 
information signal by performing back-diffiision-of-gas processing to a taken-out 
diffusion signal is taken. 

[0018]ln the above-mentioned composition, an extraction means an OFDM receiving set 
of this invention by performing back-diffusion-of-gas processing using a spread code 
peculiar to a signal to a diffusion signal taken out by the Fourier conversion process 
means. Composition possessing a back-diffusion-of-gas means to extract an information 
signal of a plural series, and a conversion method which changes an information signal of 
said plural series into an information signal of one series is taken. 
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[00 19] When an information signal which performed diffusion treatment of a direct 
spread system performs the Fourier conversion process to a signal which has been 
arranged and was transmitted to a direct-current subcarrier according to these 
composition, Since a diffusion signal transmitted by direct-current subcarrier can be 
taken out and an information signal which reduced direct current offset by performing 
back-diffusion-of-gas processing to a taken-out diffusion signal further can be taken out, 
It becomes possible to raise transmission efficiency, suppressing the error rate 
characteristics of an information signal. 

[0020]A conmiunication terminal device of this invention takes composition possessing 
an OFDM sending set of one of the above, and an OFDM receiving set of one of the 
above. 

[0021]Since transmission efficiency can be raised according to this composition, 
suppressing the error rate characteristics of an information signal, a communication 

terminal device which performs good communication can be provided. 
[0022]A base station device of this invention takes composition possessing an OFDM 
sending set of one of the above, and an OFDM receiving set of one of the above. 
[0023]Since transmission efficiency can be raised according to this composition, 
suppressing the error rate characteristics of an information signal, a base station device 
which performs good communication can be provided. 

[0024]An OFDM tiansmission method of this invention possessed a generation process 
of generating a diffusion signal, and a Frequency-Division-Multiplexing process of 
performing Frequency-Division-Multiplexing processing by assigning said diffusion 
signal to a direct-current subcarrier, by performing diffusion tieatment to an information 
signal. 

[0025]In a receiver by arranging and tiansmitting an information signal which performed 
diffusion treatment of a direct spread system to a direct-current subcarrier in the 
transmitting side according to this method. Since an information signal which reduced 
direct current offset by performing back-diffusion-of-gas processing to a signal 
transmitted by direct-current subcarrier can be taken out, it becomes possible to raise 
transmission efficiency, suppressing the error rate characteristics of an information 
signal. 

[0026] An OFDM receiving method of this invention by performing the Fourier 
conversion process to a receiving process which receives a signal tiansmitted by the 
above-mentioned OFDM transmission method, and a signal received in said receiving 
process. The Fourier conversion process process of taking out a diffusion signal 
transmitted by direct-current subcarrier, and an extraction process of extracting an 
information signal by performing back-diffusion-of-gas processing to a taken-out 
diffusion signal were provided. 

[0027]When an information signal which performed diffusion treatment of a direct 

spread system performs the Fourier conversion process to a signal which has been 
arranged and was transmitted to a direct-cuirent subcarrier according to this method. 
Since a diffusion signal transmitted by direct-current subcarrier can be taken out and an 
information signal which reduced direct current offset by performing back-diffusion-of- 
gas processing to a taken-out diffusion signal further can be taken out, It becomes 
possible to raise transmission efficiency, suppressing the error rate characteristics of an 
information signal. 
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[0028] 

[Embodiment of the Invention] First, this invention person noted performing diffusion 
treatment of a direct spread system to the information signal arranged to DC subcarrier. 
When this invention person has arranged the information signal to DC subcarrier, the 
error rate characteristics of the information signal transmitted by this DC subcarrier 
deteriorate, but. When the information signal (henceforth "a DS-CDMA information 
signal") which performed diffusion treatment of the direct spread system has been 
arranged to DC subcarrier. The DS-CDMA information signal transmitted by this DC 
subcarrier finds out that direct current offset is reduced by the back-diffusion-of-gas 
processing at the time of reception, and error rate characteristics will become good, and 
came to carry out this invention. 

[0029]The main point of this invention is having been made to perform diffusion 
treatment of the direct spread system to the information signal arranged to DC subcarrier 
(direct-current subcarrier). If it puts in another way, the main point of this invention will 
be having arranged the information signal which performed diffusion treatment of the 
direct spread system to DC subcarrier. 

[0030]Hereafter, an embodiment of the invention is described in detail with reference to 
drawings. 

[0031] (Embodiment 1) First, direct current offset is reduced by the back-diffusion-of-gas 
processing at the time of reception, and the DS-CDMA information signal transmitted by 
DC subcarrier explains the point that error rate characteristics become good. 
[0032]The case where DC offset exists is considered in a CDMA system. The DC offset 
after back-diffusion-of-gas processing is expressed by the formula shown below. 
[Equation 1] 

2^{DCxREFCnT)/N } (n=1,2, ■■■) —CD 

However, DC is DC offset, REF (nT) is a spread code in the time nT, N is a diffusion 
ratio, and T is a sample cycle. 

[0033]Here, generally, in the cycle (NT) of a spread code, since it can consider that DC 
offset is constant, upper type ** is expressed by the following formula. 
[Equation 2] 

DC^^{REF{nTKN]=C>C{C-|-1 (»^#!tt) - (-1 «)if»#»)}/N -® 

[0034]ln the case of (signature of 1 [ -i-]) -(signature of 1 [ -]) =1, in upper type **, DC 
offset is decreased by back-diffusion-of-gas processing at 1/diffusion ratio. As for DC 
offset, (the signature of 1 [ -i-]) and (the signature of -1) are thoroughly removed by back- 
diffusion-of-gas processing, when the same. 

[0035]As mentioned above, in a CDMA system, since direct current offset is thoroughly 
removed by back-diffusion-of-gas processing, the error rate characteristics of the DS- 
CDMA information signal transmitted by DC subcanier will become good. 
[0036]Subsequently, the OFDM communication device concerning the embodiment of 
the invention 1 is explained with reference to drawing 1 . Drawing 1 is a block diagram 
showing the composition of the OFDM communication device concerning the 
embodiment of the invention 1. Here, the total of the subcarrier to be used is set to k 
(except for DS subcarrier) as an example. 
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[0037] With reference to drawing 1 , the S/P converter 101 changes into an information 
signal of a plural series an information signal of one series which should be arranged to 
subcarriers other than DC subcarrier in a transmission system. The S/P converter 102 
changes into an information signal of a plural series an information signal of one series 
which should be arranged to DC subcarrier. 

[0038]The diffused part 103-1 - 103-n perform diffusion treatment to an information 
signal of a plural series. The adder unit 104 generates a DS-CDMA information signal by 
adding an information signal in which diffusion treatment was carried out by the diffused 
part 103-1 - 103-n. IFFTpart 105 performs Frequency-Division-Multiplexing processing 
by performing IFFT processing to an information signal of a plural series from the S/P 
converter 101, and a DS-CDMA information signal from the adder unit 104. The antenna 
106 receives a signal from a communications partner while transmitting a sending signal 
to a communications partner. 

[0039]On the other hand, in a receiving system, FFT section 107 performs FFT 
processing to an input signal with which predetennined reception was made. The 
transmission-line compensation part 108-1 - 108-k perform transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in a transmission line) to an information signal transmitted by each 
subcarrier. The P/S converter 109 changes an information signal after the transmission- 
line compensation part 108-1 - transmission-line compensation processing from 108-k 
into an information signal of one series. 

[0040]The transmission-line compensation part 110 performs transmission-line 
compensation processing (namely, processing which compensates distortion etc. which 
were produced in a transmission line) to a DS-CDMA information signal transmitted by 
DC subcarrier. The back-diffiision-of-gas part 111-1- 111 -n perform back-diffusion-of- 
gas processing using a spread code which is mutually different to a DS-CDMA 
information signal after transmission-line compensation processing. The P/S converter 
112 changes an information signal of a plural series from the back-diffiision-of-gas part 
111-1 - 1 1 1-n into an information signal of one series. 

[0041]Subsequently, in addition to drawing 1, operation of an OFDM communication 
device of the above-mentioned composition is explained with reference to drawing 2 . 
Drawing 2 is a mimetic diagram showing a situation of arrangement of a subcarrier in an 
OFDM communication device concerning the embodiment of the invention 1. 
[0042]With reference to dravviiig j . an information signal is sent to either the S/P 
converter 101 or the S/P converter 102 in a transmission system. An information signal 
sent to the S/P converter 101 is arranged at subcaniers other than DC subcarrier, and an 
information signal sent to the S/P converter 102 is arranged at DC subcarrier. 
[0043]An information signal (information signal of one series) arranged at subcarriers 
other than DC subcarrier is changed into an information signal of a plural series of only 
the total subcarrier (except for DC subcarrier) by the S/P converter 101. That is, an 
information signal of one series is changed into k signals of the information signal 1 - the 
information signal k by the S/P converter 101. An information signal changed into a 
plural series is sent to IFFT part 105. 

[0044]An information signal (information signal of one series) arranged at DC subcarrier 
is changed into an information signal of a plural series only for a predetermined signal 
multiplexed number (here, referred to as n as an example) by the S/P converter 102. That 
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is, an information signal of one series is changed into n signals of the information signal 
1 - the information signal n by the S/P converter 102. The above-mentioned signal 
multiplexed number can be set up arbitrarily. 

[0045]The information signal 1 - the information signal n are sent to the adder unit 104, 
after diffusion treatment which used a spread code peculiar to a signal is performed by 
the diffused part 103-1 - diffused part 103-n, respectively. In the adder unit 104, a DS- 
CDMA information signal is generated by adding the information signal 1 - the 
information signal n after diffusion treatment. This DS-CDMA information signal is sent 
to IFFT part 105. 

[0046]ln IFFT part 105, Frequency-Division-Multiplexing processing is performed by 
making IFFT processing to an information signal of a plural series from the S/P converter 
101, and a DS-CDMA information signal from the adder unit 104. By IFFT part 105, an 
information signal (namely, the information signal 1 - an information signal) changed 
into a plural series specifically, It arranges to a subcarrier for which only a number 
corresponding to the total number of subcarriers was prepared, a DS-CDMA information 
signal is arranged to DC subcanier, and Frequency-Division-Multiplexing processing is 
perfoimed. An example of a situation of assignment of a subcarrier is shown in drawing 

[0047]As shown in drawing 2 , k subcarriers and one DC subcarrier are arranged on a 
frequency axis, A DS-CDMA information signal is assigned [ at information signal k/2, 
and the subcarrier 1 ] to subcarrier k/2 to information signal k/2+1, and subcarrier k/2 in 
the information signal k and DC subcarrier at the information signal 1 and the subcarrier 
1, respectively. 

[0048]With reference to drawing 1 , a signal with which Frequency-Division- 
Multiplexing processing in IFFT part 105 was overlapped on a subcarrier to the 
information signal 1 - the information signal k, and was overlapped on DC subcarrier to a 
DS-CDMA information signal is acquired again. A sending signal is generated by 
making predetermined transmitting processing to a signal acquired by Frequency- 
Division-Multiplexing processing. This sending signal is transmitted to a 
communications partner via the antenna 106. Parallel-serial-conversion processing, D/A 
conversion processing, frequency conversion processing, a band limiting process, etc. are 
included in the above-mentioned predetermined transmitting processing. 
[0049]On the other hand, in a receiving system, a signal transmitted by communications 
partner is received by this communication apparatus via the antenna 106. The above- 
mentioned communications partner is provided with the same composition as what is 
shown in drawing 1 , and transmits a sending signal acquired by performing processing in 
a transmission system mentioned above. 

[0050]An input signal from the antenna 106 is sent to FFT section 107, after 
predetermined reception is made. A band limiting process, frequency conversion 

processing, A/D conversion processing, in-series parallel-conversion processing, etc. are 
included in the above-mentioned predetermined reception. 

[0051]By performing FFT processing in FFT section 107 to an input signal with which 
the above-mentioned predetermined reception was made. An information signal (the 
information signal 1 - the information signal k) transmitted by subcarrier (except for DC 
subcarrier) and a DS-CDMA information signal transmitted by DC subcarrier are taken 
out. 
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[0052]The information signal 1 - the information signal k which were transmitted by 
subcarrier (except for DC subcarrier) are sent to the transmission-line compensation part 
108-1 - 108-k, respectively. A DS-CDMA information signal transmitted by DC 
subcarrier is sent to the transmission-line compensation part 110. 
[0053]In the transmission-line compensation part 108-1 - 108-k, transmission-line 
compensation processing is made to the information signal 1 - the information signal k 
which were transmitted by subcarrier, respectively, k information signals with which 
transmission-line compensation processing was made are changed into an information 
signal of one series by the P/S converter 109. 

[0054]ln the transmission-line compensation part 1 10, transmission-line compensation 
processing is made to a DS-CDMA information signal transmitted by DC subcarrier. A 
DS-CDMA information signal after transmission-line compensation processing is sent to 
the back-diffusion-of-gas part 111-1 - 111-n. 

[0055]ln the back-diffusion-of-gas part 111-1 - 11 1-n, the information signal 1 - the 
information signal n are acquired by peif orining back-diffusion-of-gas processing using a 
spread code which is mutually different to a DS-CDMA information signal after 
transmission-line compensation processing. The information signal 1 - the information 
signal n which were acquired are changed into an information signal of one series by the 
P/S converter 112. 

[0056]Transmission of an information signal is performed by making the above 
processings. In IFFT part 105 in a transmission system, a DS-CDMA information signal 
is arranged to DC subcarrier as above-mentioned. A DS-CDMA information signal 
transmitted by this DC subcarrier. Although influenced by direct current offset in analog 
circuitry used for a receiving system and a transmission system, direct current offset is 
reduced by the back-diffusion-of-gas processing by the back-diffusion-of-gas part 111-1 
in a transmission system - 111-n, and let error rate characteristics be a good thing. That 
is, even if it arranges a subcarrier to DC, the error rate characteristics of an information 
signal can be kept good. Since an information signal is arranged to DC subcarrier, overall 
transmission efficiency can also be raised. 

[0057]Thus, in [ according to the OFDM communication device concerning this 
embodiment ] a transmitting side device. In a receiving side device by arranging and 
transmitting an information signal which performed diffusion treatment of a direct spread 
system to DC subcarrier. Since an information signal which reduced direct current offset 
by performing back-diffusion-of-gas processing to a signal transmitted by DC subcarrier 
can be taken out, it becomes possible to raise transmission efficiency, suppressing the 
error rate characteristics of an information signal. 

[0058]Although this embodiment explained taking the case of a case where a signal 
multiplexed number is made into plurality, this invention is not limited to this, but also 
when a signal multiplexed number is set to 1, it can be applied. In this case, since one 
diffused part in drawing 1 is used, it is good also as composition which excluded the S/P 
converter 102 and the adder unit 104. 

[0059]Although this embodiment explained a case where communication of an OFDM 
system was used, it cannot be overemphasized that it can apply also when this invention 
is not limited to this but communication of an OFDM-CDMA (Code Division Multiple 
Access) method is used. Specifically, the following processings may be performed to an 
information signal arranged to a subcarrier (except for DC subcarrier) with reference to 
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drawing 1 . That is, the above-mentioned information signal is changed into a signal of a 
plural series of only any number, and it may be made to send a signal which performed 
and added diffusion treatment peculiar to a signal to each signal to the S/P converter 101. 
Thereby, the error rate characteristics of an information signal transmitted by each 
subcarrier can be kept good. 

[0060] An OFDM communication device explained by the above-mentioned embodiment 
can be carried in a communication terminal device and a base station device in a digital 
mobile communications system. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing ll The block diagram showing the composition of the OFDM communication 
device concerning the embodiment of the invention 1 

[Drawing 2] The mimetic diagram showing the situation of arrangement of the subcarrier 
in the OFDM communication device concerning the embodiment of the invention 1 
[Drawing 31 The block diagram showing the composition of the conventional OFDM 
communication device 

[Drawing 41 The mimetic diagram showing the situation of arrangement of the subcarrier 
in the conventional OFDM communication device 
[Description of Notations] 
102 S/P converter 

105 IFFT part 

106 Antenna 

107 FFT section 

110 Transmission-line compensation part 
1 1 1-1-11 1-n Back-diffusion-of-gas part 
112P/S converter 
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[ 0 0 0 7 ] ^fi^tfcv^T, iififfl^t j; m 
m^iifzm^li. ryf-i-SiilYLX. *afigWcJ: 

[0 0 08] TyT-i~3i^t:,cr)mEmm±. RffScOgfl 
50 Mils&^SiX^tfi. FFT (Fast Fourier Transform) 
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mizm.^flt. FFTgE4T1±, ilBmiO^fi^M 

mfj^'ifhti^ ztizx'o. y Tt J; oess 

[0009] ^ y r\zi. '^{m^fd-dm.'m 

WmM ( t-=5:i9 *>fK3IS«afigP 5 - 1 - 5 - k ) cov ^ 
-ttiiHzmi-Aih . 

[0010] \mMm%M 5 - 1 - 5 - k -C1± , 7" 10 

^^yrtiOfsjisixit'itigfi-^tt^tT, fSfimi 
mm {^tahM^m'c^y^fci^m^nmhm.) 

p/s^^6{zi:^-m\ (i^yr/p) mm. 

[0011] ^.h^nx 0 ^j:mmm^fii ^ 1 1= J: o . 

I FFT32tfci^T, mTtoid^rSEijtcj; 

DDCt(i:^^y^^y7^iS«tTl->5:i,\ 

D C (.CffiM§^l7t-)t7-=^-r y T (tlT r D C-if 7^ Y y 20 

r/^mMzm\-^htiiri-\:>^^mi,zti\^xmM ( d 

c) yi-y-t-yVi^^MA^til. Z(7)tzib. DC^y^^ 

UTizwM^fitzmmi^ mhib. Dc^y^^u 

m4 iz^ltzJ: 3 t , DC ^zii^y^^ y r ^Eg tT 

[00 12] 

[ ^HJ^i^ll?* U J: ^ t f -I. IS® ] L ^> . ±fSt« 30 
*i^OFDMilfi»ci3V^-C(i, OTtc^t j; ^ ^[SI 
mt^h h . t^^h-h, ±tim^(7)0 F D MMfi^gtcfc 
v^TJi:. DCtctf7^^yT^ffi«t^v^J;3t-f-^^ 
t i 0 . DC ^ y r ^ BBS L/cJ«-^tcJt^ 

i3\ Dc^^^f7■^-^yr^la■L/i^-^^^J;b^T. dc 

[0013] *»BJ3i±. fite^^T^r^fl^c tc^ 

[00 14] 

mii. nmm^izM txtmrnmin oztizxmwL 

tcMO iiT !> ; 1 1 i *jmmmji^wi^mmm^:m mm 

[0015] *^BHcoo F D MMii^gJi. ±tmmz 
fcv^T. ^m^^mmmmm^izm^ 50 
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-tizbi^zx mm^i^tmm^b . im 

[0016] zfihc^mmzxmi. miMmmmizn^^ 

mmz&s t X mtt 1. ; t j; 0 , gft w^atci^ ^ ^ 
x\±. mm)m.{zx r)\m^fitzm^{znLxmmi 
m^iimtzt {z^ <o , umy^"/ h ^ffiiiss*/s'[f 

[0017] *^Hj£r,OFDMSfigW±. ±fEV^-«X 

t><r)o F D M^mw.t,zi. ^mm'&tifzm^^^m-t 
sft^st. mi^m^mzii^^m^ivtzm^iznL 

T 7 - y x^JiMa ^ ') >I t (c .4; 19 . Wljf M» t J; 

t . M'o^^^iifzmmmznixmimmm^ z 
tizx^wmm^miatmiiimb. i:M.mtm 

[0018] *^Hj£r,oFDMSfisw±, ±mmmz 
iov^T. mm^mK y-vx.^mmm^mzxm'o 
m^tifzmwim^izM Lximm^<7ym^^m^^tz 

[0019] zixio^mmz^wi. mm.wj5^^rh 
mm^mLfzmmm^-ifmfM.mmzwM^fixmm 

^fifz\m\<znLXy-'):rjmm^*i:'iid z t izx 

0, itsigjiistcj; ^mm^titzi&Wiimi:mii:,-tz 
ti}^x^. s^tc, m^m^titziihmmzMLXim 
mmmtztizi*). umy^^yhirm^^tz 

[00 2 0] ^wmmimmimii. ±iiv^-ffit-(D 
o F D M mmmm. t . ±f av ^-r a^co o f d u'^mmm. 

[002 1 ] zammzxiiki. mm.m^'^M.wn^ 

tmmm^'ifd mm^mimmi-h z t i-x^ i . 
[0022] :^^mcDmmi^mii. itev^m-s^^^o 
F D mmmmmt . ±fav ^nupcoo f d m^mmm 

[00 2 3] ziDmmzitii^. 'wmm^mMmmt 

trUVt'^'^immm^: Z 1 0X^ h cr)X\ ^ 

tmmiSi'^d mimmmi:tmt^ z t i}^x^ i , 
[0024] :^mco o F D Mmmumn. mm^z 
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[0025] za)ifmi,zxtnf. MiiJt:*5v^T. mm 

WMif^<7Mmmm Lfzmmm^immmMmzR 
mL-zmm-tizt^zx^^ sftMtfei^-c{±. msm 
mmz j; 0 im^fifzii^izM ixmt&mmmimtz 

[0026] *a^BB<7)0 F D M^mirmt. ±fEO F D 

mti^mxmizi3\^x^m^tifzmmzMixy~ 
vx.^m>minoztizx^. m.m.mmmzx dsm 
^tifzmkm^^m'oiii'ty-ux.^mmmMt. m 
D m^iitzt&WLmmzMLxmmmm^no z t izx 

fz. 

[00 27] zay-^m{zi.ix&. mmmi^cnmm^ . 
fi^ft Lfz\mm-bmwm&izwM s tixmt s ti 
tzitmzn 7 - 'J :r.^mm.^n ozuzi.y).m 
xmmmzk ^mm^titzmmmM o ^-tz t ifix- 
t.^h^z. M^^^titimwm^iznLxm^m. 
mm-z 1 1 J; D , mmy^^y V ^wm^^fzmmm 

[00 28] 

u r^zwrn-fmrnim^zn Lxmmm^(^Mm.>^Jk . 
m^m-tzbi^zm^Ltz. ^^az.. ir^wmi. dc-9- 
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^c?)S£SS:^!!ia^ML;t'lf#fS^ (OT ro s-CDM 
A'fffgft-tj tv^^, ) im.Lfz^i,z\t. Z<r>Y)C 

^unzx^im^tifzD S-CDM Ammm^ 

[ 0 0 2 9 ] *^H^£?3#^(i , D C-fy'^'sr V 7 imi 

SMiS) izmm^immmmzMLx , mimmij^cr) 

^iDc^y^^uTizmmtiXoizL-f^zbxh 
[ 0 0 3 0 ] jy,T. ^WR<y)mmmm^z-^\^x. mm 
[003 1 ] mmco^m i ) t^mmz. d c^y^ 

-^-UTtrJ; ^9^53I$^^^cDS-CDMA'|f|g^f-^;^)i\ ^ 

mmzan h mmm^z j; d mf,^ y^-^v tmm 

0 [00 3 2] C\:>WPcH^\,Zii\\X . DC^^-tr-y h:<)i 

i?i£i-i>*s^^^ #^ !> , mmm\mD c^y^ .y h 

5{DCxREF(nT)/N > {n=1.2 

tzfzL. DC(i;DC:t7-fe-y bT'J)*?, 

\mm nT\zmh mm^xh d , 

•9. Ti±-tf>'r;kigs)jT-$>s,, 

[ 0 0 3 3 ] i r T-\ -flXt. mK'^^(r)Wm ( NT ) 

t?x%ha)X. ^^\Xdmzi.^m.^Kh . 
-c-i(D?i^ia)KN ^ 



-0 



, REF (nT) 



[0 0 34] ±it®(Cfc^*T, (+ ItOw^S^) - (- 
mm^zi. 0 1 /raittcMsSiil. , tfz. ( + 1 £^ 

w^a) t (-icoff^fi) ¥^\^xhh^-^\>z\i.^ D 

[0 0 3 5] lil±(7)j;5(;:. CDMA^rsicti5UT(±. 
T-. DC-+?-y^-ryTtJ;i9fES§tLl.DS-CDMA 
[ 0 0 3 6 ] *f|HH«ll]!i<7)Jgffi 1 o 



^ [00 3 7] HI ^#{®-tl>t, jMft^tfcV^T. S/ 

p^^jifs 1 0 1 D c-^y^-T V Tmhco-^y^-v v 
rizmw:-tK^-m^mmm^imm^n(nmmim 

lZ-^m^l'h(^Xhl. S/P^Ji^l 0 2{±, DC-9- 
[0 0 38] 0 3-1-1 0 3-ni±, Mfm 

mmm^mLxiimmM^:'€oi.(Dxhi. mm 

gPl 04(±, immi03-l-^103-nizX^mL 

^^fifzmmm^i:iMm-tzkizx^. ds-cd 
MAmmm^i^-tiijcoxhi. ifftipios 

i. Xf, tmU 104^)^^>tODS-CDM A'ff fgft-^t)^ 

LT . iff T®a& fi^ a >! t J; D , mmim\§'m 
S50 Ma^-ffd *><7)t:'i>-s.. ryf-^i 0 6(±. iiftm-^s- 
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[0 0 3 9] gft^tfcV^T, FFTg|310 7 

^m^'ffoi^mx'hh. \mmmmm\o&-\'^ \ o 
8 - k (i . #-tf ^ y r t J: ^ fiii § titzmmmmz 

^mmthmm p/^mmio 

9 (i. eSffWiaJ 10 8-1-108 -Vii)-^io(r)\m 

[0040] &m^mm 1 1 o{±. d c^^^^ y r 

t=j:'5fSM§fL/.:DS-CDMA'fffgfI-ftC^tT. 

^ffat<?)-c'j)So mmmi i i-i^-i 1 1 
-n{±. im^mmmm<7)Ds-cDMAmmmz 

MIX mmz^^ 7 ^Wn^tw >^ iirt^''U¥ ^ <T 

aiiiOT*)^^ F s I _ . >^5r^^^f 1 1 1 

-1-11 1-ii/jM, ')f5^.t^Viy)|t?f5L,°r-T-''i|'^) 

[ 0 0 4 1 ] ^T, ±ie«B!c£7)o f d iviafi^s<7)ii 

f^t-:5V^T, [lU:aP;cTll2m^LTi^BJt-|.. m 
2 {i. *^BBc?)llift£?)?^HI 1 1:*^*^!. o F D Mafias 

[ 0 0 4 2 ] 01 ^#Mt-|.t. Sffi^tfeV^-C. Wk 
m\t. S/P^}g#|10 1t/LiiS/P^j|!^10 2 

(7) V>-fix/jHC5M A, ill,, S/P.^f^||l 0 KCjS^^tll. 

'ft #fi-f-«± . D c -9- 7-^ ^ y 7'^ ^ y T (ClE 

»?ni> i^^JT* D , S/P^Mt^ 1 0 2{Cij|iini.ffl 

mm^M D c 7^ ^ y T icisa s ^ii> i, ot-fc i. . 

[ 0 0 4 3 ] D C 1?-7^ ^ y Tmhc^+?-7'df ^ y T 
§11 0 ltJ;OS^?-ydf^yr (DCif7dr^yr^l^ 

< ) fm(nmm^\<^mm^\,z^mfih. ^tah 

-wmmm.{m\i. s/p^jgn i o i j; 

3l^iJtC^ji§tl/-C'[f ISff ^(i , I F F TgP 1 0 5 [Zrkh 

[0044] D c-9-7df -V y Tmm.^h.hmmv% 
{-m\(r)mm%m m.. s/p^jtsi o 2t::j; y . 

F/fgtOff ^^MSc^i- ( iT-iiH^Ji: LT n fc-fS ) 
?iJ<7)ffi#ft-^{±, s/P^H 1 0 2 lei 0 . ffi^m-^ 
fi-^^mJiffSt^^^^fg^r t <nxh h . 

[0045] 'If ffifi^ 1 -^ffHlft-t ni±. ^K^fl. ffi 
iiiPl 0 3-l-raa51 O3-ntJ;0, fS-^rSWc^J 
raff^^fflV^^ifeiScMai^MSixfcf*, Jd^SEl 0 4 



mm^i-wm^rymm'^tih^h^zi.^ ^ ds- 

Wm^\t. I FFTgpi 0 5tCiIi?>tLl., 
[0046] I FFTgpi 0 5-C(±. S/P^MIl 0 

\-h-t^<mww^(T^>mm^. am. jp^spi 04a^ 

^>(7)D S - C DM A'lf |8ff-5!-tC)i^ UT , IFF TMS*^' 

M#:a^)ti±, I F FTgpi 0 5Tid;, 
i-L/i'ifffifi^ (-r^:i^*?'if«fi^iHfigff^) e 
10 -tf 7^ -^^ y ri4cm-t-s.f*/2'ttfflS$fL/-c-9-7'df ^ y 

Tt^tTSSL, DS-CDMAffifgfl-^&DC-*f7 

y r\zn txEa lt . mm.m\msmmh 

K^. ^?■7'^^yT^?)ffJ0ST^O«^c?)-flJ^ll2^=^ 
-To 

[0047] m2\z^~fi. ^ \z. w^mm^\z\^mm 
7'=3f -V y r*3 j:t>' 1 flisoD c^f 7^-v y r^MS^tiT 

19 , y T - k / 2 tiiff «ff 1 , -9-7^ 

y r- 1 t(±'if #it-^k / 2 . -9-7'^ y r 1 {z\mm 

ft-t k / 2 + 1 , -9-7-^ y r k / 2 t(i'ltfgfl-f k , 
20 DC-9-7'^->r y rt{±D S-CDMA'|ffSM-^!-/^)^''e^l^' 

ixm'^^xhfixv^h, 

[0048] B^lll ^#H3-ri.tC, IFFTg|I105 

\,zmh^m.m\^mmzi. d . <mm^ i -^ft 

fi-^ktMtT-tf7'=ir^yr*«#S^X, DS-CDM 

A'fpgfi-^tcM LT D c -9-7^ \ y T*«ft s ti/cfi-^ 
ifi'^iotih. nm,m\%n%mzi. y#/iti^cft^t 

xmm^\znLxmt^i\^h . ^-fc, ±fap;T,?EC^}ifi 

[0049]-:^, ^mk\,zii^.^x . wm^\zx m 
m^titzm^i±. TyTi-ioeiiYLx. ^mmmm 
izx^^m^tii. =5ri3. ±iEafiffl^f±, miiz^t 
hc^kmmfS.imix}5Ki . ±^Ltzmmmzm 

[00 5 0] T> f-f 1 0 b-fy'S^cri^itim-li, FJf>E(73 

^mmm^^j:^ixtzm. f f tsj i o 7 ^zm^ti^ . ^ 
40 fc. Ji£BffjE7«ft:!!!iJi(c{±, mmm 

[ 0 0 5 1 ] F FTgp 1 0 7T-{i. ±Mfmco^imm 
m^iifz^mm^iznLx f f rmmmhii^h 1 1 

izX>0. ^f7'^^yr (DC^:/^^UTm<} izx 

'oim-^Atzmmm^ (Mt-f-i-tp^^k) . *3 

DC-tfy^-ryrtcj; OfsM^ti^cD S-CDM 

[0052] ^y^^ y 7 ( D c-9-7-^-Y y T&i?< ) 

50 t j; D im^ittzW^m^ 1 -ft fgtt^k (i , ^fi-f 
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[00 53] 08-1-1 08-kr 

1 -ff «fi^ k (CM t T . im^mmmmti^^j: ^tLi. 
[00 54] imimmm 1 1 oTii. d c^f y^-^ y 

rtJ; OfEjM^il/tDS-CDMAffifgft-^tcMLT. 10 

{Ejis«wi*^^§tLS, i^mmmmmkcoDs- 

CDMA'ff$gfi^(±. aMffigPl 1 1-1-1 1 1-n 
[0 0 5 5] iffifi£i[g|;i 11-1-1 1 l-nT1i. g 

m^m>mm(DDs-cDMAwmmmzMLx . m 
mzm^j:mm^^im^^fzm}:mmmmhti:h ^ t 

tJ;^. ffl|gfi^i-'ff$l5ft-^n*^-#^>ixS„ #^>fL/^ 

ffi #fl^ 1 -ffi fgft^ n {i . P .... S 1 1 2 1= i 0 

[00 56] tJi±iO i 0 tpmmm^^tLl Ztl,ZX*J. 20 

(tl>I FFTg|51 0 5tCfcV^T{4. DC-^-^'^-v U TIC 
^LTDS-CDMAlf#ft-^SriSaLTV^S„ iOD 
C 7'^ ^ U r J: 0 fSMS ^ll. D S - C D M A'[f 

fcttl>i£ragPl 11-1-11 l-n-C-iOmfliWi! 

^j:hcrjt^ixl, tts:h-ib. DC{z-^y^v')T^WM. 

[0057]<I<^J;3tC. 3|s:^iOJgffitC3&^^^^ O F D 

ULXmtthZtkzi:^^ SmifMKfc'V^Tfi:, D 

mim-rzuzx^ . mfity^-vv^wm^tzm^ 

im^W. D tiit-^ t ^/I'T-l^ !> c^J-C-.. 'If ^fi^7)M '") 

[ 0 0 5 8 ] ifmmcrmmx-^i. mn^wk^m. 

WLhLtzm^mW^ztmmLtztiK if%m\i. ZtL{z 
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i,<r>Xhh. iOJi^tfi. 01 tiiftSffiSgP^lo 
co;?^fflc^StfO-c, s/p^^i 0 2i3j;y^jpsgpi 0 
4^^v^;^ffl)^ttTi)j;v\ 

[ 0 0 5 9 ] i!^:. OF DM:^5?C(7) 

(CffigS^fL-f , OFDM-CDMA (Code Division Mu 
Itiple Access) ^j^WMft^ ffl^^/-C±ll^(C tBffl^tg 
XhhL>:\motX%^j:V\^ 01&#H3 

-r-g)t, -tf7"^Y'jT (Dc-ffy^-fUT^^o tas 

-ft^hh. ±Mmmm^m.fzn(^mm\<D 
m^\zmkL. ^^t,znLxm^m^mmm&m 
Lxm-Lfzm^t:. s/p^mmoi^zmhxo\,z 

[0060] mmmmmzcwmuz o f d Mafi^ 
gii. r ^ 'j^mmwmt^y^i-uziinhiMtWf. 

[006 1] 

iw^m-mm \^)±xmuzX o{z. ^^^m^zuiM. 
mwhmsi^<mmm&m.uzmm^^ d c^-y^ 
^^}T\,zmm:fh<nx\ 'mm^^my)^m>m:mi.-) 
^^si^»*^l^o±s*s o f d Mafisa^^ftt-i. z. 

[EI 1 ] ^wn<r)mmmm i t*^*^i> o f d mmm 
[02 ] ^mmmmmm i tc*>*>^ o f d Mjift^ 

[113 ] ^^*^^0 F D MafiSg««|t^S^t-7n .y ^' 

a 

m4]m^ff)OFDMmmmmizmi^y'^^0T 

102 s/p^mn 

105 IFFTgP 

106 T>T-i- 

107 FFTgP 

1 1 0 immwm^ 

11 1-1-1 11-n mmm 

112 p/smm 



9/29/08, EAST Version: 2.3.0.3 



(7) 



#^2 00 1-2 03664 





9/29/08, EAST Version: 2.3.0.3 



